1. INTRODUCTION {#sec1-1}
===============

Atherosclerosis is the main cause of coronary artery disease (CAD) ([@ref1]). This disease affects millions of people around the world ([@ref2]) and causes thousands of deaths yearly because obstructed vessels cannot supply blood flow to the myocardial tissue ([@ref3], [@ref4]). more than 30% of deaths annually allocated to Cardiovascular diseases ([@ref5]). Coronary artery bypass graft (CABG) that was developed in the 1960s and 1970s, is the most common procedure in cardiovascular operations and is used for the revascularization of obstructed coronary arteries to relieve ischemia resistant to medical treatment, prevent myocardial infarction and also to increase a productive life span ([@ref6]). Autologous saphenous vein grafts (SVGs) are routinely used in this surgery and other vascular reconstructive procedures ([@ref7]). Patency rates of these grafts are low, because of surgical manipulation, uncontrolled hydrostatic distension during SVG harvesting and inappropriate preservation solutions that are used for preserving them during surgery in order to maintain their viability prior to anastomosis ([@ref8]). These cause considerable damage not only to the endothelium, but also to the media and adventitia. Ten year patency rate for them is reported to be 61% to 65% ([@ref9]). 20 years after CABG, only 25% of SVGs provide sufficient blood flow ([@ref10], [@ref11]). Intact vascular endothelium plays an essential role in the regulation of vascular tone and contributing to maintain the balance between vasodilatation -- vasoconstriction ([@ref12]) by endothelium-derived relaxing factor (EDRF) production, that is identified as nitric oxide (NO) ([@ref13]) and is important for inhibition of smooth muscle cell proliferation ([@ref14]), adhesion of platelets ([@ref15]) and leukocytes to the endothelium ([@ref16]). Intact endothelium serves as an electrical, mechanical and physiological barrier between flowing blood and the sub-endothelium ([@ref17]). Disruption of endothelial cells results in oxidation of lipoproteins, extracellular matrix deposition, accumulation of lipid-rich material, platelet activation, medial smooth muscle cell proliferation ([@ref18], [@ref19]). All of these consequences of endothelial dysfunction may contribute to thrombus formation, developing the expression of atherosclerosis and early SVG occlusion ([@ref20]). The consequence is a non-patent SVG that is the major cause of recurrent angina after CABG ([@ref21]). Decreased NO production is closely associated with endothelial dysfunction ([@ref22]). Measurement of (NO) in biological fluids is hard because of its low physiological concentration (1nM) and its short half-life of 2--30 s ([@ref22]). So, it's stable metabolites nitrite and nitrate will be used for measuring([@ref1]) because it reacts rapidly with molecular oxygen and form nitrite ([@ref22], [@ref23]).

Aim of this study was to compare the protective effects of different storing solutions (Krebs, Krebs plus Adrenaline, Krebs plus Propranolol, Krebs plus Verapamil) on the endothelium of saphenous vein grafts with heparinized blood (HB) that is typically used for preserving grafts during CABG in heart surgery operation rooms by measuring NO concentration that was released from the endothelium in these solutions.

2. MATERIAL AND METHODS {#sec1-2}
=======================

Total amount of 54 patients who underwent elective CABG surgery in Mazandaran Heart Center, Sari, Iran from January 2014 to September 2016 were included in the study. Greater saphenous veins were obtained from classic incision in their legs then vessels cut into 3 mm rings and stored in preserving solutions ([@ref23]). There were 4 different solutions: Heparinized blood (HB: first control group), Krebs (K: second control group), Krebs plus Propranolol (K+P), Krebs plus Adrenaline (K+A), and Krebs plus Verapamil (K+V) at a rate of 5 ml (volume: 5 ml) for 30, 45, 60 and 90 minutes after harvesting. All solutions continuously perfused with 95% O2 and 5% CO2 at a constant rate of 5 mL/min and maintained at (37 ° C). The composition of Krebs' solution was :NaCl (6.95 g), KCl (0.19 g), NaH2PO4 (0.14 g), CaCl2·2H2O (0.37 g), MgCl2·6H2O (0.26 g), D-glucose (1.98 g) in one ml distilled water. plus Adrenalin, 200 µl/l Krebs solution ([@ref26]). Krebs plus Propranolol (6.66 g) in 1 litter Krebs solution ([@ref27]). Krebs Krebs plus Verapamil 200 µl/l Krebs solution ([@ref23]).

Turbidity caused by interference of protein with NO, deproteinization of plasma samples should be performed ([@ref23], [@ref24]). Plasma samples were diluted fourfold with distilled water and then 1/20^th^ volume of zinc sulfate (300 g/l) should be added. This solution should be centrifuged at 10000 g for 5 min ([@ref24]). nitrite concentration is typically measured by colorimetric Griess assay in biologic samples Because of its simplicity ([@ref24]). In this method, nitrite is first treated with sulfanilamide (SA), so in acidic media a transient diazonium salt will form. This intermediate is then reacts with N-naphthylethylenediamine dehydrochloride (NED), to form a stable azo compound. The intense purple color of the product allows nitrite assay with high sensitivity and can be used to measure nitrite concentration as low as \~0.5 mM level. The absorbance of this adduct at 540 nm is linearly proportional to the nitrite concentration in the sample. This approach is adopted in most commercial kits.

Histology and staining: All samples should be stored 24 hours in formalin 10% immediately after exiting out of solutions of 30 to 90. One 3 mm ring of vessel was stored in formalin 10% immediately after harvesting as control group. Then paraffin embedded samples were sectioned at 5 µ by a microtome (Leica/ USA). H&E staining was performed. Histologically endothelial viability was classified into three categories: normal endothelium (Grade1), normal endothelium more than 50% (Grade2) and normal endothelium less than 50% (Grade3).

Statistical analysis was performed using SPSS Statistics 16. Results were expressed as means ± standard error of the mean followed by One-Way ANOVA. Post hoc analysis was performed by the Tukey test for finding best solution for preserving vessels. Repeated measurement test was used to investigate best time. In all analysis, (P\<0.05) was considered significant.

3. RESULTS {#sec1-3}
==========

Best preserving solution: Average concentration of NO in (K+V) compare with HB (1^st^ control) and K (2^nd^ control) showed higher rate in all times from 30 to 90 min (16.55±1.85). Comparing the average concentration of nitric oxide between the first and second control group showed no significant difference. Also, our investigations showed that NO concentration in Krebs plus Verapamil has the highest rate in time 90 min ([Figure 1](#F1){ref-type="fig"} and [Table 1](#T1){ref-type="table"}). Average concentration of NO in (K+A) and (K+P) compare with HB (1^st^ control) and K (2^nd^ control) did not show a statistically significant difference in all times from 30 to 90 min. Comparing the average concentration of nitric oxide between (K+A) and (K+P) with (K+V) showed significant difference in all times from 30 to 90 min (16.55±1.85). Again (K+V) had the highest rate of NO concentration compare with (K+A) and (K+P) ([Figure 2](#F2){ref-type="fig"} and [Table 2](#T2){ref-type="table"}).

![NO concentration in (K+V) compare with (a= HB) and (b= K) in 1: 30 min, 2: 45 min, 3: 60 min, 4: 90 min. (P= 0.01 -- 0.05 \*, P= 0.001-0.009 \*\*, P= 0.0001\*\*\*).](MA-71-188-g001){#F1}

###### 

Mean of NO concentration after storing saphenous vein 3 mm rings in time 30, 45, 60 and 90 min. All data mentioned based on (Mean±SE). K+V: Krebs plus Verapamil, HB: Heparinized blood, K: Krebs.
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![NO concentration in (K+V) compare with (a= K+A) and (b= K+P) in 1: 30 min, 2: 45 min, 3: 60 min, 4: 90 min. (P= 0.01 -- 0.05 \*, P= 0.001-0.009 \*\*, P= 0.0001\*\*\*).](MA-71-188-g003){#F2}

###### 

Mean of NO concentration after storing saphenous vein 3 mm rings in time 30, 45, 60 and 90 min. All data mentioned based on (Mean±SE).. K+V: Krebs plus Verapamil, K+A: Krebs plus Adrenaline, K+P: Krebs plus propranolol.
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(K+V\>HB=K=K+A=K+P).

Best time: Our investigations showed that the best time for storing human saphenous veins in (K+V) preserving solution is for 90 minutes because mean of this time has higher rate compare with other 30, 45 and 60 min (10.07±0.56, p=0.002) ([Figure 3](#F3){ref-type="fig"}).

![Comparing the average duration of human saphenous veins stored in solution](MA-71-188-g005){#F3}

Histologic study: Based on histologic study using light microscopy to count and determinate percentage of normal endothelial cells in different groups of storing solutions we obtained that more than 50 percent of endothelial cells stay normal in Krebs plus Verapamil compare with other solutions ([Figure 4](#F4){ref-type="fig"}). Normal endothelial cells have Squamous, polygonal and stretched shape that we observed these cells in (CO) and (K+V) group. In (HB), (K), (K+A) and (K+P) groups we observed endothelial cells that were separated in some places and in some other areas were completely detached (photomicrograph 1).

![percentage of normal endothelial cells of saphenous vein samples](MA-71-188-g006){#F4}

![Photomicrograph 1 (X400): yellow arrows show endothelium of saphenous vein samples. (e: endothelium, CO: control, K+V: Krebs plus Verapamil, K+A: Krebs plus Adrenalin, K+P: Krebs plus Propranolol).](MA-71-188-g007){#F5}

4. DISCUSSION {#sec1-4}
=============

Operative results significantly early re-obstruction of SVGs after CABG closely depend on preserving solutions that are used for storing these grafts. For saphenous vein grafts, protecting endothelium is vitally important. Vascular endothelium derives a number of (EDRFs) that play an important role in vaso-relaxation and in inhibition of platelet aggregation. When endothelium is impaired, the antiplatelet function of EDRFs (such as nitric oxide and prostaglandin I2) is lost and platelets attach to the areas that endothelial cells were denuded. The coagulation cascade is activated by aggregating platelets and by thrombin. Thrombus then forms. This becomes the basis for later growth and development of atherosclerotic plaque and may lead to graft occlusion ([@ref24], [@ref25]). There are various types of solution used for storing conduits before anastomosis ([@ref25]). Verapamil is a Ca2+ channel blocker and is highly prescribed as an anti-anginal, antiarrhythmic and antihypertensive drug ([@ref25]). In our study, 4 different solutions were used for preserving 3 mm rings of saphenous veins compare with autologous heparinized whole blood as normal storage solution in operation rooms. We investigated that endothelial cells are better preserved in non-blood storage solutions. When saphenous veins were stored in oxygenated Krebs plus Verapamil solution at room temperature, we observed highest mean of nitric oxide concentration. So, the surgeon should be alert to this in the intraoperative and perioperative management of patients undergoing bypass surgery. Guo-Wei He showed that using verapamil + nitroglycerin solution for preparing radial artery can maximally preserves endothelial function in contrast to papaverine. verapamil + nitroglycerin solution may be effectively and safely used to prepare the radial artery for coronary artery bypass grafting([@ref25],[@ref26]). P. DI. NAPOLI and college evidenced that verapamil treatment may reduce endothelial dysfunction. Verapamil is also effective in protecting the integrity of cellular and membrane structures as evidenced by a reduction of CK release in heart attack ([@ref26]). These two findings were agreed with our investigations and this may be because of protecting effect of verapamil on the integrity of endothelial cells. Grafts are commonly stored for 45 minutes or more. This can disrupt the integrity of the vascular endothelium in saphenous vein grafts ([@ref27]). Our study has demonstrated that a storage duration of 30, 45, 60 and 90 minutes in the 4 tested storage solutions has significantly affect the viability of endothelium of vessels, as indicated by (NO) concentration compared with control rings in heparinized blood solution. However, storing rings of vessels for 90 min in (K+V) showed the highest concentration of (NO). It reveals that this time is the best time for preserving saphenous veins.

5. CONCLUSION {#sec1-5}
=============

Protective effect of (K+V) solution on saphenous vein endothelial cells is more than (HB) solution which is the most common preserving solution that is used in cardiovascular operation rooms, and (K). So, we recommend to use (Krebs plus Verapamil) solution instead of Heparinized blood in order to protect the integrity of cellular and membrane structures of saphenous vein more efficiently. Besides, the most appropriate time for using SVG in CABG is 90 minutes after harvesting.

**• Author Contribution:** Mitra Shokri: contribution to acquisition, analysis and interpretation of data; revising the article; preparing the laboratory analysis of histologic samples. Reza Moradpour: contribution to acquisition, analysis and interpretation of data; revising the article. Majid Malekzade: drafting the article; preparing and diagnosing the histologic samples; analysis and interpreting the histologic data. Nourollah Rezaei: drafting the article; statistical anylysis. Shervin Ziabakhsh Tabary: doing the surgery and obtaining the veins from patients to start the research; substantial contribution to conception and design; substantial contribution to analysis and interpretation of data; critically revising the article for important intellectual content; substantial contribution to acquisition of data; final approval of the version to be published.

• Clinical trial registry number - RCT138809102799N1

**• Conflict of interest:** None.
